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Background

Public Health Ontario (PHO) has reviewed and continues to monitor evidence regarding the four severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) variants of concern (VOCs) that have been
detected in Ontario: Pango lineage B.1.1.7 (Alpha),! B.1.351 (Beta),? P.1 (Gamma)® and B.1.617.2
(Delta).* Recent estimated proportions of VOC cases based on mutation profiles from June 22, 2021 to
June 28, 2021 in Ontario indicated that the majority of circulating VOC was Delta (56.5%), followed by
Alpha (35.1%), other mutations (6.0%), and Gamma and Beta (2.4%).>®

These four VOCs have been identified to have significantly increased reproduction numbers compared
to non-VOC strains of SARS-CoV-2,7 raising questions about whether these mutations affect the mode of
transmission (e.g., whether there is a shift to increased fitness for long-range aerosol transmission).
Modes of transmission were previously reviewed in What We Know So Far publications,®° but did not
address how mutations may impact modes of transmission. To this end, a rapid literature search was
conducted to obtain recent research articles (published and preprints) related to mechanisms for
increased transmission of VOCs. Reviews were prioritized and primary articles were included where
titles and abstracts specifically addressed modes of transmission.
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Evidence on Mechanisms of Increased Transmissibility of
VOCs

The impact of mutations seen in different VOC strains has been covered in recent reviews and includes
increased binding affinity of the spike protein to host angiotensin-converting enzyme 2 (ACE2)
receptor,%13 evasion of neutralizing antibodies,®'*13 increased viral loads,*? and increased duration of
shedding.?

For example, Alpha contains mutations that are potentially related to binding affinity to ACE2 receptor
(N501Y), immune evasion (possibly directly or indirectly related to the spike deletion at position 69-70)
and viral fusion (P681H).11%1315 Beta carries some of the same mutations as Alpha, but also contains
mutations E484K and K417N that reduce binding of some antibodies.’®'! K417N and K417T mutations
have been reported to reduce ACE2 receptor affinity; however, when combined with the N501Y
mutation have an overall net increase of ACE2 receptor affinity compared to non-VOC strains.> Gamma
also harbours E484K and N501Y and thus has an increase in ACE2 receptor affinity, as well as the
potential for immune evasion (particularly of therapeutic antibodies).?? Despite the potential for
immune escape, neutralization by antibodies from prior infection or vaccination remains largely
effective and no significant increase in reinfection rates have been reported for VOCs in general.11¢

Antibodies produced from infection from one strain may not provide effective protection against other
strains due to asymmetric heterotypic immunity.*2 Immune escape by Beta appears to be a concern for
individuals previously infected by other strains and vaccinated individuals; however, convalescent sera
from individuals infected with Beta shows high cross-reactivity to other VOCs.'2 There are similar
concerns regarding reinfection by Gamma due to immune escape.*?>!” Most studies on transmissibility
of VOCs have not been conducted in populations with high vaccination rates or high rates of natural
immunity. The degree and impact of vaccine breakthrough/escape from natural immunity will become
more apparent as larger proportions of populations are vaccinated, or from regions with highly
impacted populations, and the transmission of VOCs continues to be studied in these populations.
However, real world vaccine effectiveness data from Ontario have so far demonstrated very high
vaccine effectiveness against SARS-CoV-2 including E484K-positive VOCs from a completed series of
mRNA vaccines.!®

Disease severity for Alpha is likely higher based on a meta-analysis of data from Ontario, the United
Kingdom (UK) and Denmark. The data included all VOCs; however, Alpha was the predominant
circulating VOC, and analyses showed a 63% higher risk of hospitalization (RR 1.63, 95% Cl 1.44 to 1.83),
a doubling of the risk of intensive care unit admission (RR 2.03, 95% Cl 1.69 to 2.45), and a 56% higher
risk of all-cause death (RR 1.56, 95% Cl 1.30 to 1.87).1® Disease severity may be higher for Beta, but
data is confounded by the lack of hospital resources and differing demographics.?? It is not entirely clear
what role disease severity has on transmission; however, a higher viral load is associated with more
severe disease and increased transmission risk.!®>?! Reports have been conflicting regarding increased
viral loads and longer period of shedding for Alpha.>!%17:22

Public Health England has published a brief one-page table (June 10, 2021) that is updated frequently as
it relates to Delta transmission, disease severity and immunity.? Their current assessment suggests
replication advantages based on in vitro data, possibly increased disease severity and immune evasion,
which are similar mechanisms as Alpha for which there is more published literature. However, the brief
suggests that Delta is more transmissible than B.1.1.7 and Public Health England’s Technical Briefing 15
confirms that Delta is the dominant circulating VOC at this time.?* A preprint has reported on the P681R
mutation present in Delta, similar to the P681H mutation in Alpha, as likely conferring increased viral
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fusion based on a fusion assay performed using D614G/P681R transfected HEK293 cells, compared to
D614G transfected HEK293 cells.?> Other mutations include D614G (associated with higher viral load),
G142D (associated with immune evasion), L452R (associated with immune evasion and ACE2 binding
affinity), T478K (associated with ACE2 binding affinity), and other mutations in the spike protein (D950N,
T19R, A157/158).12¢

Evidence on the Impact of VOCs on Transmission Routes

Two studies were identified: one relating to aerosol stability (i.e., long-range aerosol transmission), the
other to surface stability (i.e., fomite transmission).

Schuit et al. (2021) compared the stability in aerosols of a SARS-CoV-2 isolate (hCoV-
19/USA/CA_CDC_5574/2020) containing all genomic mutations characteristic of Alpha to other SARS-
CoV-2 isolates, including an isolate collected on January 19, 2020 (hCoV-19/USA/WA-1/2020).%
Environmental conditions related to temperature (10, 20, 30 and 40 degrees Celsius [°C]), relative
humidity (20, 37, 45, 53, 55, and 70%), and simulated sunlight (varying intensities and darkness) were
modified. Isolate decay constants for infectivity (Kinfectivity) Were calculated using data from cell cultures.
Although the stability of Alpha was higher at 20°C and 20% relative humidity in simulated sunlight
(Kinfectivity = 0.209 #+ 0.063 min™!) compared to two other strains, the difference was small (Kinectivity = 0.299
+0.047 mintand 0.312 + 0.051 min™). This was effectively a difference of 11 minutes versus seven to
eight minutes for 90% loss of infectivity. Further, the Alpha was no more stable than an early reference
strain (hCoV-19/USA/WA-1/2020, Kinfectivity = 0.216 + 0.056 min). The authors concluded that it is
unlikely that the transmissibility of the Alpha is associated with enhanced survival in aerosols.

Meister et al. (2021) investigated surface stability and surface disinfection profiles of Alpha and Beta
compared to a reference wild type strain (B1.1.70).%8 Viability was determined by end-point-dilution
assay on Vero E6 cells. There was no difference in susceptibility to heat (56°C), soap and ethanol
treatment of VOC strains compared to reference strains using different concentrations and exposure
times. Similar surface stability was reported for steel, silver, copper, surgical masks and respirators. The
authors concluded that current recommendations for environmental cleaning still apply for Alpha and
Beta. Their results indicated that there is no increased risk of fomite transmission due to VOC strains
compared to a reference wild type strain.

Conclusion

Current reviews and select studies indicate that some mutations associated with VOCs act on the host-
virus interaction and contribute to increased overall transmissibility of the variant. Two studies
examining the modes of transmission found no clinically important differences between VOCs and wild
type. Currently there is very little data related to mechanisms for increased transmissibility with respect
to Beta, Gamma, and Delta. What little transmissibility data exists relates to ACE2 binding and immune
evasion.'” Reviews on this topic rapidly become out of date and new variants continue to be identified
as variants of interest, some of which may become classified as VOCs in the future.?® The significant
transmissibility advantage of Delta versus Alpha warrants close attention to the data elucidating
mechanisms of transmission of Delta.

A key limitation of this review is that it did not endeavour to be an exhaustive literature search and not
all mutations and potential effects were reviewed, such as those that pertain to additional molecular-
level host-virus interactions.

(ARCHIVED) Mechanisms for Increased Transmission of SARS-CoV-2 Variants of Concern Page 3 of 7



References

1. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19 B.1.1.7
(501Y.V1) variant of concern — what we know so far [Internet]. Toronto, ON: Queen’s Printer for
Ontario; 2021 [cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/covid-wwksf/2020/12/what-we-know-uk-variant.pdf?la=en

2. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19 B.1.351
(501Y.V2) variant of concern — what we know so far [Internet]. Toronto, ON: Queen’s Printer for
Ontario; 2021 [cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-b1351501yv2-variant-of-
concern.pdf?la=en

3. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19 P.1
variant of concern— what we know so far [Interent]. Toronto, ON: Queen’s Printer for Ontario; 2021
[cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-p1-variant-of-concern.pdf?la=en

4, Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19 B.1.617
variant of concern — what we know so far [Internet]. Toronto, ON: Queen’s Printer for Ontario; 2021
[cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/covid-wwksf/2021/06/wwksf-covid-19-b1617.pdf?la=en

5. Ontario Agency for Health Protection and Promotion (Public Health Ontario). SARS-CoV-2 whole
genome sequencing in Ontario, June 23, 2021 [Internet]. Toronto, ON: Queen’s Printer for Ontario; 2021
[cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/epi/covid-19-sars-cov2-whole-genome-sequencing-epi-summary.pdf?la=en

6. Ontario Agency for Health Protection and Promotion (Public Health Ontario). Estimating the
prevalence and growth of SARS-CoV-2 variants in Ontario using mutation profiles. Toronto, ON: Queen’s
Printer for Ontario; 2021 [cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/epi/covid-19-prevalence-growth-voc-mutation-epi-summary.pdf?sc_lang=en

7. Brown KA, Tibebu S, Daneman N, Schwartz K, Whelan M, Buchan S. Comparative household
secondary attack rates associated with B.1.1.7, B.1.351, and P.1 SARS-CoV-2 variants. medRxiv 21258302
[Preprint]. 2021 Jun 04 [cited 2021 Jun 21]. Available from:
https://doi.org/10.1101/2021.06.03.21258302

8. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19
transmission through large respiratory droplets and aerosols...what we know so far [Internet]. Toronto,
ON: Queen’s Printer for Ontario; 2021 [cited 2021 Jun 30]. Available from:
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-
transmission-respiratory-aerosols.pdf?la=en

9. Ontario Agency for Health Protection and Promotion (Public Health Ontario). COVID-19
additional routes of transmission — what we know so far [Internet]. Toronto, ON: Queen’s Printer for
Ontario; 2020 [cited 2021 Jun 30]. Available from: https://www.publichealthontario.ca/-
/media/documents/ncov/covid-wwksf/2020/12/routes-transmission-covid-19.pdf?la=en

(ARCHIVED) Mechanisms for Increased Transmission of SARS-CoV-2 Variants of Concern Page 4 of 7


https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/what-we-know-uk-variant.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/what-we-know-uk-variant.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-b1351501yv2-variant-of-concern.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-b1351501yv2-variant-of-concern.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-b1351501yv2-variant-of-concern.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-p1-variant-of-concern.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/02/wwksf-covid-19-p1-variant-of-concern.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/06/wwksf-covid-19-b1617.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/06/wwksf-covid-19-b1617.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-sars-cov2-whole-genome-sequencing-epi-summary.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-sars-cov2-whole-genome-sequencing-epi-summary.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-prevalence-growth-voc-mutation-epi-summary.pdf?sc_lang=en
https://www.publichealthontario.ca/-/media/documents/ncov/epi/covid-19-prevalence-growth-voc-mutation-epi-summary.pdf?sc_lang=en
https://doi.org/10.1101/2021.06.03.21258302
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-transmission-respiratory-aerosols.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2021/05/wwksf-transmission-respiratory-aerosols.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/routes-transmission-covid-19.pdf?la=en
https://www.publichealthontario.ca/-/media/documents/ncov/covid-wwksf/2020/12/routes-transmission-covid-19.pdf?la=en

10. Akkiz H. Implications of the novel mutations in the SARS-CoV-2 genome for transmission, disease
severity, and the vaccine development. Front Med (Lausanne). 2021;8:636532. Available from:
https://doi.org/10.3389/fmed.2021.636532

11. Dhakal S, Macreadie |. Genes of SARS-CoV-2 and emerging variants. Microbiol Aust.
2021;42(1):10-2. Available from: https://doi.org/10.1071/MA21004

12. Boehm E, Kronig |, Neher RA, Eckerle |, Vetter P, Kaiser L; Geneva Centre for Emerging Viral
Diseases. Novel SARS-CoV-2 variants: the pandemics within the pandemic. Clin Microbiol Infect. 2021
May 17 [Epub ahead of print]. Available from: https://doi.org/10.1016/j.cmi.2021.05.022

13. Huang S-W, Wang S-F. SARS-CoV-2 entry related viral and host genetic variations: implications
on COVID-19 severity, immune escape, and infectivity. Int J Mol Sci. 2021;22(6):3060. Available from:
https://doi.org/10.3390/ijms22063060

14. Meng B, Kemp SA, Papa G, Datir RP, Ferreira IATM, Marelli S, et al. Recurrent emergence of
SARS-CoV-2 spike deletion H69/V70 and its role in the Alpha variant B.1.1.7. Cell Rep.
2021;35(13):109292. Available from: https://doi.org/10.1016/j.celrep.2021.109292

15. Collier DA, De Marco A, Ferreira IATM, Meng B, Datir RP, Walls AC, et al. Sensitivity of SARS-CoV-
2 B.1.1.7 to mRNA vaccine-elicited antibodies. Nature. 2021;593(7857):136-41. Available from:
https://doi.org/10.1038/s41586-021-03412-7

16. Chung H, He S, Nasreen S, Sundaram ME, Buchan SA, Chen B, et al. Effectiveness of BNT162b2
and mRNA-1273 COVID-19 vaccines against symptomatic SARS-CoV-2 infection and severe COVID-19
outcomes in Ontario, Canada. medRxiv 21257744 [Preprint]. 2021 May 28 [cited 2021 Jun 25]. Available
from: https://doi.org/10.1101/2021.05.24.21257744

17. Curran J, Dol J, Boulos L, Somerville M, McCulloch H, MacDonald M, et al. Transmission
characteristics of SARS-CoV-2 variants of concern rapid scoping review. medRxiv 21255515 [Preprint].
2021 Apr 25 [cited 2021 Jun 25]. Available from: https://doi.org/10.1101/2021.04.23.21255515

18. Tuite AR, Fisman DN, Odutayo A, Bobos P, Allen V, Bogoch I, et al. COVID-19 hospitalizations,
ICU admissions and deaths associated with the new variants of concern. Science Briefs of the Ontario
COVID19 Science Advisory Table. 2021;1(18)1-10. Available from:
https://doi.org/10.47326/0csat.2021.02.18.1.0

109. Magleby R, Westblade LF, Trzebucki A, Simon MS, Rajan M, Park J, et al. Impact of severe acute
respiratory syndrome coronavirus 2 viral load on risk of intubation and mortality among hospitalized
patients with coronavirus disease 2019. Clin Infect Dis. 2020 Jun 30 [Epub ahead of print]. Available
from: https://doi.org/10.1093/cid/ciaag51

20. Marks M, Millat-Martinez P, Ouchi D, Roberts CH, Alemany A, Corbacho-Monné M, et al.
Transmission of COVID-19 in 282 clusters in Catalonia, Spain: a cohort study. Lancet Infect Dis.
2021;21(5):629-36. Available from: https://doi.org/10.1016/51473-3099(20)30985-3

21. Bjorkman KK, Saldi TK, Lasda E, Bauer LC, Kovarik J, Gonzales PK, et al. Higher viral load drives
infrequent SARS-CoV-2 transmission between asymptomatic residence hall roommates. medRxiv
21253147 [Preprint]. 2021 Mar 12 [cited 2021 Jun 21]. Available from:
https://doi.org/10.1101/2021.03.09.21253147

(ARCHIVED) Mechanisms for Increased Transmission of SARS-CoV-2 Variants of Concern Page 5 of 7


https://doi.org/10.3389/fmed.2021.636532
https://doi.org/10.1071/MA21004
https://doi.org/10.1016/j.cmi.2021.05.022
https://doi.org/10.3390/ijms22063060
https://doi.org/10.1016/j.celrep.2021.109292
https://doi.org/10.1038/s41586-021-03412-7
https://doi.org/10.1101/2021.05.24.21257744
https://doi.org/10.1101/2021.04.23.21255515
https://doi.org/10.47326/ocsat.2021.02.18.1.0
https://doi.org/10.1093/cid/ciaa851
https://doi.org/10.1016/S1473-3099(20)30985-3
https://doi.org/10.1101/2021.03.09.21253147

22. Pawar RD, Balaji L, Mehta S, Cole A, Liu X, Peradze N, et al. Viral load and disease severity in
COVID-19. Intern Emerg Med. 2021 Jun 16 [Epub ahead of print]. Available from:
https://doi.org/10.1007/s11739-021-02786-w

23. Public Health England. 10 June risk assessment for SARS-CoV-2 variant: Delta (VOC-21APR-02,
B.1.617.2) [Internet]. London: Crown Copyright; 2021 [cited 2021 Jun 14]. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/99
2981/10 June 2021 Risk assessment for SARS-CoV-2 variant DELTA.pdf

24, Public Health England. SARS-CoV-2 variants of concern and variants under investigation in
England: technical briefing 15 [Internet]. London: Crown Copyright; 2021 [cited 2021 Jun 14]. Available
from:

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/99
3198/Variants _of Concern VOC Technical Briefing.pdf

25. Saito A, Nasser H, Uriu K, Kosugi Y, Irie T, Shirakawa K, et al. SARS-CoV-2 spike P681R mutation
enhances and accelerates viral fusion. bioRxiv 448820 [Preprint]. 2021 Jun 17 [cited 2021 Jun 21].
Available from: https://doi.org/10.1101/2021.06.17.448820

26. Di Giacomo S, Mercatelli D, Rakhimov A, Giorgi FM. Preliminary report on severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) Spike mutation T478K. J Med Virol. 2021 May 5 [Epub
ahead of print]. Available from: https://doi.org/10.1002/jmv.27062

27. Schuit M, Biryukov J, Beck K, Yolitz J, Bohannon J, Weaver W, et al. The stability of an isolate of
the SARS-CoV-2 B. 1.1. 7 lineage in aerosols is similar to three earlier isolates. J Infect Dis. 2021 Apr 2
[Epub ahead of print]. Available from: https://doi.org/10.1093/infdis/jiab171

28. Meister TL, Fortmann J, Todt D, Heinen N, Ludwig A, Briiggemann Y, et al. Comparable
environmental stability and disinfection profiles of the currently circulating SARS-CoV-2 variants of
concern B.1.1.7 and B.1.351. J Infect Dis. 2021 May 16 [Epub ahead of print]. Available from:
https://doi.org/10.1093/infdis/jiab260

29. World Health Organization. Tracking SARS-CoV-2 variants [Internet]. Geneva: World Health
Organization; 2021 [cited 2021 Jun 14]. Available from: https://www.who.int/en/activities/tracking-
SARS-CoV-2-variants/

(ARCHIVED) Mechanisms for Increased Transmission of SARS-CoV-2 Variants of Concern Page 6 of 7


https://doi.org/10.1007/s11739-021-02786-w
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/992981/10_June_2021_Risk_assessment_for_SARS-CoV-2_variant_DELTA.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/992981/10_June_2021_Risk_assessment_for_SARS-CoV-2_variant_DELTA.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/993198/Variants_of_Concern_VOC_Technical_Briefing.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/993198/Variants_of_Concern_VOC_Technical_Briefing.pdf
https://doi.org/10.1101/2021.06.17.448820
https://doi.org/10.1002/jmv.27062
https://doi.org/10.1093/infdis/jiab171
https://doi.org/10.1093/infdis/jiab260
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/

Citation

Ontario Agency for Health Protection and Promotion (Public Health Ontario). Mechanisms for increased
transmission of SARS-CoV-2 variants of concern. Toronto, ON: Queen's Printer for Ontario; 2021.

Disclaimer

This document was developed by Public Health Ontario (PHO). PHO provides scientific and technical
advice to Ontario’s government, public health organizations and health care providers. PHO’s work is
guided by the current best available evidence at the time of publication. The application and use of this
document is the responsibility of the user. PHO assumes no liability resulting from any such application
or use. This document may be reproduced without permission for non-commercial purposes only and
provided that appropriate credit is given to PHO. No changes and/or modifications may be made to this
document without express written permission from PHO.

Public Health Ontario

Public Health Ontario is an agency of the Government of Ontario dedicated to protecting and promoting
the health of all Ontarians and reducing inequities in health. Public Health Ontario links public health
practitioners, front-line health workers and researchers to the best scientific intelligence and knowledge
from around the world.

For more information about PHO, visit publichealthontario.ca.

©Queen’s Printer for Ontario, 2021 Ontario @

(ARCHIVED) Mechanisms for Increased Transmission of SARS-CoV-2 Variants of Concern Page 7 of 7





